Abstract. Cutaneous leishmaniasis caused by Leishmania major infection affected 172 (18.3%) of 938 Dutch military troops deployed in northern Afghanistan in 2005. The high attack rate was a result of initial insufficient availability of means of prevention and insufficient adherence to preventive measures. At presentation, the lymphatic system was involved in 24.8%. Treatment with intralesional injections of antimony with or without cryotherapy was satisfactory, but 19.5% of patients received secondary treatment with miltefosine. Six months after treatment, 128 (77.1%) of 166 treated patients were cured, 16 (9.6%) were lost to follow-up, and 22 (13.3%) already experienced cure at six weeks but were not seen at six months. Natural evolution played a role in this observational study, which showed cure of all patients seen at six months. In general, management of cutaneous leishmaniasis was feasible under field conditions.
INTRODUCTION
In Afghanistan, anthroponotic cutaneous leishmaniasis and zoonotic cutaneous leishmaniasis (ZCL) occur. Anthroponotic cutaneous leishmaniasis is caused by Leishmania tropica , may cause urban outbreaks, and is transmitted by Phlebotomus sergenti .
1, 2 Zoonotic cutaneous leishmaniasis is caused by Leishmania major , which has a reservoir in rodents and is transmitted by Ph . papatasi. In northern Afghanistan, the great gerbil ( Rhombomys opimus ) is the reservoir. 3, 4 Dutch military personnel were deployed to the area around Mazar-e-Sharif in northern Afghanistan where ZCL occurs in yearly epidemics and where anthroponotic cutaneous leishmaniasis occurs less frequently. 5 Within six weeks of arrival, personnel reported ulcerative skin lesions that were initially treated as bacterial infections. Four cases with lesions not responding to antibacterial treatment were repatriated and L. major infection was confirmed. 6 Subsequently, diagnosis and treatment were made available in the field and military personnel who had already returned to The Netherlands were advised to report any skin lesion. We report the epidemiologic features, clinical aspects, diagnosis, and results of treatment in this military cohort with ZCL.
METHODS
Sources of data. Data were retrieved from 1) the Dutch Ministry of Defence (demographic data and dates of arrival and departure), 2) medical records of the Field Dressing Station, Mazar-e-Sharif and of the Academic Medical Center, Amsterdam, the Netherlands (clinical data), and 3) questionnaires on adherence to preventive measures filled out during medical examination at debriefing after redeployment of the main body. Results were anonymously shared with military authorities.
Procedures at the Field Dressing Station. Diagnosis of leishmaniasis was made by microscopic demonstration of parasites in Giemsa-stained smears of biopsy specimens from lesions. Treatment consisted of injections of sodium stibogluconate (pentavalent antimony [Sb v ]) (Pentostam ® ; GlaxoSmithKline, Bernard Castle, United Kingdom) into the margin of each lesion, 1-2 mL all around, until blanching (intralesional Sb v [ilSb v ]). All lesions were treated in one session at intervals of 1-3 days. Treatment was continued until clinical improvement (see below). After redeployment, all patients were examined and those with skin lesions either received immediate treatment or were given appointments at the Academic Medical Center. Already diagnosed and treated patients were followed-up at six weeks and six months after treatment, and those receiving treatment continued treatment within a few days. All patients were advised to report new skin manifestations.
Procedures at the Academic Medical Center. Parasitologic methods were microscopy (Giemsa-stained smear), culture in Novy-MacNeal-Nicolle medium, polymerase chain reaction with molecular characterization of the parasites by sequence analysis of the polymerase chain reaction amplicon, 6 and quantitative nucleic acid sequence-based amplification. 7 Treatment consisted of three ilSb v injections with intervals of 1-3 days with cryotherapy preceding the first injection. Cryotherapy was applied with a liquid nitrogen spray apparatus (Cry-Ac; Brymill, CT) within rubber cones matching the diameter of the lesions. A double freeze-thaw cycle was performed with a mean duration of 20 seconds for the freezing cycle and thawing time between cycles of 45-90 seconds. Treatment was repeated until clinical improvement (see below). Patients with unsatisfactory response or recurrence (see below) with a single satellite lesion or slight activity of lesions only were treated with additional ilSb v injections but others were treated with miltefosine, as reported. 8 Adverse events were recorded. Follow-up was approximately at six weeks and six months after treatment.
Assessment of treatment response. Clinical improvement was defined as a reduction in size, infiltration, induration, perilesional erythema, crusting of the lesion, or any combination thereof without new manifestations. An unsatisfactory response was defined as extension of the lesion, development of satellite lesions, newly developed lymphatic involvement (sporotrichoid spread, lymphangitis, lymphadenitis, or lymph node enlargement), or any combination thereof during treatment up to the first follow-up visit. Recurrence was defined as the appearance of new manifestations at the original site or elsewhere after initial improvement. An unsatisfactory response and recurrence were based on clinical examination and presence of Leishmania parasites. Definite cure was defined as a complete re-epithelialization of all lesions at six months. Probable cure was defined as clinical cure (re-epithelialization without new manifestations of leishmaniasis) six weeks after treatment but not assessed at six months.
Statistical analysis. The contingent attack rate was calculated as the total number of patients with CL divided by total number of deployed troops. Attack rates were calculated per arrival cohort (all military personnel arriving on the same day). The incidence rate of the self-reported first CL lesion was calculated as total number of cases divided by total person-months at risk. The at-risk period was defined as the time between arrival and the day CL was confirmed in the four index patients because from that day onwards preventive measures were more strictly emphasized and implemented. Total person-months at-risk was calculated as the period between date of arrival and 1) date of departure, 2) end of the at-risk period, or 3) date of noticing a skin lesion, whichever came first. For 32 patients who did not recall when they had noticed the skin lesion, person-months at-risk was imputed as 35 days, which was the median interval between arrival and observation of first lesion in all cases.
Multivariate Poisson regression (GENLIN procedure in SPSS version 15.0 for Windows; SPSS Inc., Chicago, IL) was used to assess differences in incidence rates comparing poor or good adherence to preventive measures. Models were adjusted for arrival date, as a proxy for changes in infection pressure (because of entomologic factors and changes in size of the susceptible population). Multivariate exponential risk models (GENLIN in SPSS) were used to assess differences in response to first line treatment. Robust standard errors were used for calculation of confidence intervals (CIs) for the incidence rate ratios (IRRs) and risk ratios (RRs). The incubation period was estimated for a cohort of 25 persons with CL who were present in the area during the same at-risk period (the camp build-up phase) for a relatively short duration (30-35 days) by using a non-parametric method described by Tam and Wong, 9, 10 which estimates the distribution of incubation periods on the basis of a sample of persons with multiple exposure times. and instructions for impregnation of uniforms were supplied. The greater part of the force was in the field before the arrival of impregnated-bed nets.
Index cases. Within a few weeks of deployment, ulcerative skin lesions were noticed and treated as a streptococcal ulcer. Four patients with ulcers not responding to antibiotics were repatriated and CL was diagnosed ( Figure 1 ) . A physician and laboratory technician trained in diagnosis of CL and treatment with ilSb v were deployed to Afghanistan where they trained colleagues. Those persons who had already returned to The Netherlands were informed and advised to report any skin lesion.
Epidemic. Cutaneous leishmaniasis was diagnosed in 172 military personnel (attack rate = 18.3%). Parasitologic investigations were performed for 132 patients; in 129 (97.7%), the diagnosis was confirmed (75% of 172 cases). Parasitologic investigations were not available for 38 patients and not performed for two patients (by mistake). These patients and the three with negative parasitologic results (43 patients [25%]) were clinically diagnosed as being cases of CL. The total number deployed and the epidemic curve of onset of lesions (n = 140) is shown in Figure 1 . The overall incidence rate was 17.6 (95% CI = 15.4-20.2) per 100 person-months. Median incubation period was 27 days (IQR = 17-37 days). The crude attack rates per arrival cohort are shown in Figure 2 . Cutaneous leishmaniasis was not seen in military personnel who arrived after mid-August.
Risk factors and personal preventive measures. At debriefing, 710 questionnaires were completed. Non-adherence to the prescribed dress code and inconsistent use of an impregnated bed net were associated with increased risk of CL (adjusted IRR = 1.40, 95% CI = 0.97-2.03 and 1.47, 95% CI = 0.99-2.17) but inconsistent use of N,N-diethyl-m -toluamide was not associated with these two factors (adjusted IRR = 1.12, 95% CI = 0.79-1.58). The effect of dress code was independent of whether uniforms were insecticide-impregnated. Effect measures were adjusted for arrival date as a proxy for changing infection pressure and concurrent adherence to each of the other preventive measures.
Clinical characteristics. Clinical characteristics of 169 patients are presented; three patients were treated elsewhere. The median period between noticing a CL lesion and first visit to a physician was 28 days (IQR = 14-35 days). Descriptive statistics are shown in Table 1 . Lesions occurred on parts of the body covered by standard uniforms (trunk, legs, or feet) in 81.0%, and the lymphatic system was involved in 24.8%.
Diagnosis and treatment. Diagnosis was made in the field by microscopy and by isolation and characterization of the parasite at the Academic Medical Center. All 68 characterized 6 Table 2 . One patient refused treatment, one experienced spontaneous cure, and one patient had the nodular lesion excised; all three patients were cured when seen approximately six weeks later. The 45 patients given a diagnosis at the Academic Medical Center were patients redeployed after the build-up period, the four index patients, and 11 other patients who were repatriated because of facial or extensive lesions. Overall median treatment duration was 17 days (IQR = 10-34 days, range = 1-163 days) with a median of 5 sessions (IQR = 4-8 sessions) and a cumulative dose of ilSb v of 5.1 mL (IQR = 2.9-9.9 mL). Forty-two (25.8%) patients were treated for more than four weeks because of unsatisfactory response or problems with compliance caused by military duties. Of these patients, 22 received additional ilSb v injections and 20 received miltefosine.
Of the 23 patients (14.1%) with recurrence, 13 were treated with additional ilSb v injections and 10 were treated with miltefosine. Three patients received miltefosine as primary treatment 
DISCUSSION
The high attack rate of CL (18.3%) in this military contingent may be explained by the influx of a large group of nonimmune persons in an area endemic for L. major 3, 4 in the peak of the transmission season, 5, 11 initially insufficient means of prevention, and inadequate adherence to preventive measures. Off-duty activities in sports outfit in the late afternoon/ early evening likely contributed to the attack rate, a conclusion supported by the association between non-adherence and higher incidence of CL and the presence of lesions on parts of the body normally covered by clothing in > 80%. The attack rate was highest in the build-up period of the camp ( Figure 2 ) . In cohorts deployed after mid-August, no cases occurred probably because of better adherence to preventive measures, availability of means of prevention, and possible decrease in transmission. These data are consistent with the findings that flight activity of sand flies already started at 4:00 pm and that the transmission season rapidly decreased in early September as reported by Faulde and others. 5, 11 Investigations regarding transmission were not performed but reduction of sand flies was attempted by spraying of insecticide within the compound. In 2003-2004, several persons in this cohort had been deployed in southern Iraq where no case of CL has been reported in Dutch military personnel. Therefore, immunity did not likely play a role in the evaluation of this outbreak.
The clinical picture of L . major infection is variable and includes nodular, ulcerative, and satellite lesions, lymph node enlargement, and lymphadenitis and lymphangitis with sporotrichoid spread. [12] [13] [14] [15] The picture differs in various parts of the world in relation to the locally circulating L . major strain. 16, 17 In the present cohort, 41.6% had only 1 lesion and 19.9% had ≥ 4 lesions; lymphatic involvement was relatively frequent (24.8%). Assessment of the treatment response in the field was based on clinical grounds. At the Academic Medical Center, parasitologic results could be taken into account but decisions to continue treatment were made on the basis of clinical grounds because parasitologic results were available several days later. Duties and redeployment explain the rather long range of treatment duration ( Table 2 ) .
Miltefosine was advised for secondary treatment in cases of recurrence or unsatisfactory clinical response in the presence of multiple or extensive lesions. This drug was known to be an effective treatment for visceral leishmaniasis and had been used to limited extend in the treatment of patients with CL. An important advantage is its oral administration. The alternative treatment would have been systemic (intramuscular or intravenous) with antimony that required 20 daily hospital visits. Of the total cohort of 166 treated patients, 128 (77%) were definitely cured, 22 (13.3%) probably experienced cure (seen at six weeks and not at six months), and 16 patients (9.7%) were lost to follow-up. In the last group, lesions most likely resolved because natural cure without treatment eventually is the rule. 15 All patients seen six months after treatment were cured as a result of treatment or natural evolution (or a combination of both); assessment at six weeks and three months may provide better information on treatment efficacy. Our results do not confirm those of previous reports on this same cohort; 5, 11, 18 the incubation time was not a minimum of 7 weeks 5, 11 but a mean of 25 days, and treatment results were better than the reported delayed or poor response to sodium stibogluconate or miltefosine. 18 These reports were based on unverified information. In this study, the combination of ilSb v with cryotherapy was not better than ilSb v alone as reported. 19 Because our study was not a controlled study, caution is required in the interpretation of treatment results and differences in results of various treatments. Exacerbation of symptoms of CL caused by bacterial infection, as reported, 20 was not encountered in this cohort. Suppurative subcutaneous nodules were aspirated or incised on two occasions, but results of microbiologic and parasitologic investigations were negative for both samples, which indicated a host response rather than pathogen dissemination.
Gaafar and others reported parasites in suppurative nodes in a few patients with CL before treatment. 21 Involvement Table 1 of the lymphatic system was prominent in the study cohort; at presentation, this involvement was observed in 24.8% of the patients and developed during treatment in 54 (60%) of 90 patients treated with ilSb v alone and in 22 (48.9%) of 45 patients treated with ilSb v plus cryotherapy. Reports from Saudi Arabia on L. major infections suggested that development of satellite lesions and lymphatic involvement may be related to treatment. 12, 13, 22 Treatments reported in these studies are local therapies (cryotherapy, ilSb v ) and systemic treatments, both oral (ketoconazole, rifampicin) and parenteral (antimony), but numbers of patients treated and specific relationships and associations of lymphatic involvement with respective treatments are not given. In a Cochrane analysis on treatment of Old World CL 19 and in a large series of ilSb v treatments of patients infected with L. tropica in Turkey, 23, 24 lymphatic involvement during treatment is not mentioned. These data suggest that lymphatic involvement during treatment may occur irrespective of the nature of the treatment and that it may be a particular feature of the local parasite strain or the host response to the pathogen or a combination of factors.
In conclusion, the high attack rate of CL caused by L. major infection in Dutch troops deployed in northern Afghanistan in 2005 during the transmission season was caused by initial insufficient availability of means of prevention and insufficient adherence to preventive measures. Microscopic demonstration of parasites in skin biopsy specimens and treatment with ilSb v were feasible under basic field conditions, even in the presence of multiple lesions and dissemination. Treatment with ilSb v with or without cryotherapy was satisfactory, but 19.5% of patients received second-line treatment with miltefosine. We concur with the advice of a Cochrane analysis 19 that the quality and standardization of trials and case series on Old World CL must be improved to obtain evidence-based clinical and treatment guidelines. ‡ Twenty-one persons who started treatment at M-e-S continued treatment at AMC after redeployment, 9 because of recurrence. § Six patients are not included: four received alternative treatment (three received primary miltefosine because of extensive or numerous lesions; in one patient, the lesion was excised), two persons were not treated (one refused one showed spontaneous resolution of the lesion).
¶ Sixty-eight of 68 samples were subtyped as Leishmania major by polymerase chain reaction. # Excluding patients with a recurrence. ** One session includes all injections without or with cryotherapy given on one occasion. † † Four of 21 redeployed soldiers continuing treatment did not receive cryotherapy. ‡ ‡ Details reported elsewhere. 6 § § Excluding patients receiving secondary miltefosine treatment. ¶ ¶ Of those absent at final follow-up (6 months) but present at the 6-week follow-up, 16 (84.2%) of 19 at MeS and 6 (100%) of 6 at AMC showed good clinical response. ## Of those present at final follow-up (6 months) and present at the 6-week follow-up, 30 (54.5%) of 55 at MeS and 13 (46.4%) of 28 at AMC showed good clinical response. * Three of 172 patients were treated elsewhere, 4 received other treatment, 1 refused treatment, and 1 experienced spontaneous cure. MeS = Mazar-e-Sharif, Afghanistan; ilSB v = with intralesional pentavalent antimony; AMC = Academic Medical Center, Amsterdam, The Netherlands † Twenty-one persons who started treatment at M-e-S continued treatment in AMC after redeployment; 17 with the addition of cryotherapy and 9 because of recurrence.
